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IRU PDQ\ VXUJLFDO SURFHGXUHV +RZHYHU LQWUDQHXUDO QHHGOH
LQVHUWLRQDQGLQMHFWLRQLVIUHTXHQWWKRXJKXQLQWHQGHGUHVXOWLQJ
LQ RISDWLHQWV KDYLQJ SRVWRSHUDWLYHSHULSKHUDOQHUYH SDLQ
DIIHFWLQJ UHFRYHU\ 7KH LQFLGHQFH RI QHXURSDWK\ KDV QRW
GHFUHDVHGRYHUWKHODVWGHFDGHGHVSLWHWKHDGRSWLRQRIXOWUDVRXQG
JXLGHGUHJLRQDODQHVWKHVLDEHFDXVHRI WKHGLIILFXOW\ LQWHUSUHWLQJ
WKH QHHGOH WLS SRVLWLRQ UHODWLYH WR QHUYHV ZLWK VWDQGDUG FOLQLFDO
XOWUDVRXQGLPDJLQJV\VWHPV7KLVVWXG\XVHVPLFURXOWUDVRXQGIRU
YLVXDOLVLQJ WKH DQDWRP\ RI WKH QHUYH LQ WKH SLJPRGHO DQG IRU
FRQILUPLQJ WKH SODFHPHQW RI WKH DQHVWKHWLF QHHGOH ZKLOH
GHOLYHULQJLQMHFWDWHQHDURULQDQHUYH7KHLQOLQHIOXLGSUHVVXUH
LVPHDVXUHGGXULQJ WKH LQMHFWLRQIRUGLIIHUHQWFOLQLFDO IORZUDWHV
XVHG GXULQJ WKH UHJLRQDO DQHVWKHVLD SURFHGXUH 7KH FKDQJH LQ
VKDSHDQG WKHGLVSODFHPHQW RI WKH QHUYH GXH WR WKH LQMHFWLRQ LV
HYDOXDWHG DQG IOXLG SUHVVXUH DVVRFLDWHG ZLWK LQWUDQHXUDO DQG
H[WUDQHXUDO LQMHFWLRQ 7KH DQDO\VLV RI WKH GLIIHUHQW IDFWRUV




.H\ZRUGV² 0LFURXOWUDVRXQG UHJLRQDO DQHVWKHVLD SHULSKHUDO





DURXQG SHULSKHUDO QHUYHV LV XVHG IRU PDQ\ VXUJLFDO
SURFHGXUHVWRQXPESHULSKHUDOQHUYHV$QHHGOHLVSRVLWLRQHG
EHVLGHWKHQHUYHRIWHQXQGHUXOWUDVRXQGJXLGDQFHDQGXVHG
WR GHOLYHU DQHVWKHWLF IOXLG DURXQG D QHUYH ,QWUDQHXUDO
LQMHFWLRQLVXQLQWHQGHGEXWIUHTXHQWDQGRISDWLHQWVKDYH
DFXWH RU FKURQLF SHULSKHUDO QHUYH SDLQ SRVWVXUJHU\ 7ZR
FOLQLFDO VWXGLHV VKRZHG WKDW IRUFHIXO QHHGOH QHUYH FRQWDFW
ZDV DVVRFLDWHG ZLWK SHDN QHHGOH WLS SUHVVXUH ≥ SVL LQ
EHWZHHQ  >@ DQG  RI SDWLHQWV >@ ,Q D GRJ VWXG\
SHDN LQWUDQHXUDO QHHGOH WLS SUHVVXUH ZDV !  SVL DQG
DVVRFLDWHG ZLWK LQIODPPDWLRQ DQG FHOO GHDWK LQ  RXW RI 
GRJV>@+RZHYHUWKHUHPDLQLQJWKUHHLQWUDQHXUDOLQMHFWLRQV
UHVXOWHGLQSHDNQHHGOHWLSSUHVVXUHSVL([YLYRDQGSHDN
LQMHFWLRQ SUHVVXUH GLIIHUV DFFRUGLQJ WR WKH UDWH RI LQMHFWLRQ
YROXPH RI LQMHFWDWH QHHGOH JDXJH OHQJWK RI QHHGOH QHUYH
FRPSRVLWLRQ UDWLR RI FRQQHFWLYH WLVVXH WR QHUYH IDVFLFOHV
DQGV\ULQJHGLDPHWHU>@)DFWRUVWKDWFDQFRQWULEXWHWRQHUYH
GDPDJH LQFOXGH PHFKDQLFDO WUDXPD KLJK LQMHFWDWH SUHVVXUH
UHFRPPHQGHGPD[LPXPSVLDQGKLJKIORZUDWHEXWWKH
PHFKDQLVPV DUH SRRUO\ XQGHUVWRRG DQG GLVSXWHG7KH
UHODWLRQVKLS EHWZHHQ ORFDO DQHVWKHWLF IORZ UDWH LQMHFWDWH
SUHVVXUHZLWK HSLQHXUDORU LQWUDQHXUDO QHHGOH WLS SODFHPHQW
DQG QHUYH GDPDJH UHPDLQV XQUHVROYHG IRU UHJLRQDO QHUYH






SLJ PRGHO WR YLVXDOLVH WKH FKDQJHV LQ QHUYH JHRPHWU\ WKH
IDVFLFOHV EXQGOHV RI QHXURQV DQG HSLQHXULXP SURWHFWLYH
FRQQHFWLYH WLVVXH VXUURXQGLQJ WKH QHUYH FRQFXUUHQWO\ ZLWK
PHDVXUHPHQW RI LQMHFWDWH SUHVVXUH GXULQJ UHSOLFDWHG 5$




WKH ORFDO DQLPDO FRPPLWWHH 6XQQ\EURRN5HVHDUFK ,QVWLWXWH
$QLPDO&DUH&RPPLWWHH([HPSWLRQRI FRQWUROOHGPHGLFDO
VXEVWDQFHZHUH REWDLQHG DFFRUGLQJ WR WKH&RQWUROOHG'UXJV
DQG 6XEVWDQFHV $FW &'6$ DQG 1DUFRWLF &RQWUROOHG
UHJXODWLRQV+HDOWK&DQDGD
$ 0HDVXUHPHQWDQGH[SHULPHQWDOVHWXS
7KH H[SHULPHQWDO VHW XS LV VKRZQ LQ )LJ  %RWK
PLFURXOWUDVRXQG YLGHRV DQG LQOLQH SUHVVXUH PHDVXUHPHQWV








7KH SUHVVXUH RI WKH LQMHFWDWH IOXLG ZDV PHDVXUHG DW  V
LQFUHPHQWV XVLQJ D GLJLWDO ELRORJLFDO PDQRPHWHU  3UHVVXUH
ZDVUHFRUGHGIRUWKHGXUDWLRQRIWKH5$SURFHGXUHVRQHDFK)XQGLQJSURYLGHGE\5R\DO&ROOHJHRI$QHVWKHWLVWV1DWLRQDO ,QVWLWXWH
IRU $FDGHPLF$QHVWKHVLD DQG 6FRWWLVK ,PDJLQJ1HWZRUN $ 3ODWIRUP IRU
6FLHQWLILF([FHOOHQFH
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SLJ $Q LQOLQHSUHVVXUHVHQVRU3UHVVXUH0$73HQGR7HFK
1HZ -HUVH\ ZDV DWWDFKHG EHWZHHQ WKH OXHU ORFN *
UHJLRQDOEORFNQHHGOHDQGDPHFKDQLFDOV\ULQJHSXPS
7KH * QHHGOHZDV LQVHUWHG WKURXJKPXVFOH DQGRU IDVFLD
DQG LQWR QHUYHV  7KLV ZDV IROORZHG E\  P/ VDOLQH
LQMHFWLRQDWRUP/PLQFRQWUROOHGXVLQJDSURJUDPPDEOH
V\ULQJHSXPS7KHEROXVUHSOLFDWHVDWHVWGRVHRIDQDHVWKHWLF
IOXLGXVHGE\ WKHDQDHVWKHWLVW WRFRQILUPQHHGOH WLS ORFDWLRQ
DQGIOXLGGLVWULEXWLRQ)RUVHOHFWWHVWSURFHGXUHVDP/PLQ
IORZ UDWH RYHU  PLQXWHV ZDV XVHG WR HYDOXDWH FRQWLQXRXV
IOXLG GLVWULEXWLRQ GXULQJ WKH 5$ SURFHGXUH DQG WR REWDLQ
SUHVVXUH PHDVXUHPHQW ZLWK FRQWLQXRXV IOXLG IORZ ZLWKRXW
GHOLYHULQJ WRR PXFK VDOLQH LQWR WKH WLVVXH 7KH IORZ UDWHV
ZHUH FKRVHQ DV VXEFOLQLFDO DQG FOLQLFDO IORZ UDWHV 7KH 




WDNHQ IRU WKHGHOLYHULQJ WKH IOXLG LQWR WKH QHUYH DW WKH IORZ





)LJ  ([SHULPHQWDO VHW XS IRU LPDJLQJ WKH QHUYH WUDXPD XVLQJ
0LFURXOWUDVRXQG DQGPHDVXUHPHQW RI SUHVVXUHGXULQJQHHGOH LQVHUWLRQ DQG
IOXLGLQMHFWLRQLQWRWKHQHUYH
7KHP/VDOLQHLQMHFWLRQZDVSHUIRUPHGDW WKUHHVLWHVRQ
HDFK QHUYH DSSUR[LPDWHO\  FP DSDUW0HDVXUHPHQWV ZHUH
DFTXLUHGIRUERWKOHIWDQGULJKWD[LOODIRUWHVWVLWHVSHUSLJ
7KH VWXG\ZDV UDQGRPLVHG WR WZRRSHUDWRUVSHUIRUPLQJ WKH
UHJLRQDO DQHVWKHVLD SURFHGXUH H[SHUW DQG QRYLFH LQSODQH
DQG RXWRISODQH QHHGOH WUDMHFWRULHV DQG IORZ UDWHV RI 
P/PLQP/PLQDQGP/PLQ7KHVHDUH WKHGLIIHUHQW




3LJV ZHUH DQDHVWKHWL]HG XVLQJ NHWDPLQH  PJNJ 9LWDO
VLJQV ZHUH PRQLWRUHG FRQWLQXRXVO\ 7HPSHUDWXUH ZDV








D IHZPLOOLPHWHUV DERYH WKH QHUYH LQ RUGHU WR DFTXLUH KLJK
UHVROXWLRQ LPDJHV RI WKH QHUYH DQDWRP\ DQG QHUYH WUDXPD
XVLQJPLFURXOWUDVRXQG6HWDJDUVODEVZHUHXVHGDVD
VWDQGRII WR RSWLPLVH WKHPLFURXOWUDVRXQG LPDJHV 6WDQGDUG
*DQHVWKHWLFQHHGOHZDVLQVHUWHGLQWRWKHQHUYHDQGDWHVW
GRVH RI  P/ VDOLQH VROXWLRQ ZDV LQMHFWHG DURXQG DQG
LQVLGH WKH QHUYHGXULQJ UHSOLFDWHG UHJLRQDO DQHVWKHVLD QHUYH
EORFNV 0XOWLSOH QHHGOH LQVHUWLRQV DQG IOXLG LQMHFWLRQV LQWR
WKH WLVVXH ZHUH FDUULHG RXW DORQJ WKH OHQJWK RI HDFK
SHULSKHUDO QHUYH ZLWK QHHGOH WLS SRVLWLRQ DV H[WUDQHXUDO
IRUFHIXO QHHGOH QHUYH FRQWDFW LQWHUIDVFLFXODU LQVLGH WKH
QHUYH EXW RXWVLGH WKH IDVFLFOHV ,QWUDIDVFLFXODU LQVLGH WKH
QHUYHZLWKLQIDVFLFOHV
7KH VHTXHQFH RI HYHQWV DQG WKH DFTXLVLWLRQ WLPH RI WKH
PLFURXOWUDVRXQG LPDJHV DQG WKH FRUUHVSRQGLQJ SUHVVXUH
PHDVXUHPHQW ZHUH UHFRUGHG 2EVHUYDWLRQV RI SRWHQWLDO
PHFKDQLVPV RI QHUYH GDPDJH REVHUYHG ZLWK WKH













1HHGOH WLS SRVLWLRQ QHUYH VWUXFWXUH FKDQJHV DQG IOXLG
GLVWULEXWLRQ ZHUH UHFRUGHG IRU  LQGLYLGXDO LQMHFWLRQV
DFURVV  EORFN SURFHGXUHV RQ  SLJV ,QMHFWLRQ ZLWK WKH
QHHGOH WLS H[WUDQHXUDO LQ IRUFHIXO FRQWDFW ZLWK QHUYH
HSLQHXULXP DQG LQWUDQHXUDO ZHUH DWWHPSWHG WR UHSOLFDWH
FOLQLFDOSUDFWLFHVWKDWPD\OHDGWRQHUYHGDPDJH
,,, 5(68/76
0LFURXOWUDVRXQG HQDEOHG LQ YLYR UHDOWLPH YLVXDOLVDWLRQ RI
WKHIDVFLFOHVWUXFWXUHLQDOORIWKHDWWHPSWHGEORFNV)DVFLFOHV
DV VPDOO DV PP FDQ EH UHVROYHGZLWK PLFURXOWUDVRXQG
PDNLQJLWVXLWDEOHIRUUHDOWLPHPRQLWRULQJRIQHUYHPRWLRQ
7KH HIIHFWV RI QHHGOH SRVLWLRQ DQG LQMHFWDWH GLVWULEXWLRQ RQ
IDVFLFOHV DQG HSLQHXULXP ZHUH FRUUHODWHG ZLWK LQMHFWDWH
SUHVVXUH)LJ
,QWUDQHXUDO LQMHFWLRQ ZDV FKDUDFWHULVHG E\ VZHOOLQJ RI WKH
ZKROHQHUYHVZHOOLQJLPPHGLDWHO\DURXQGWKHQHUYHUXSWXUH




H[SDQVLRQ RI WLVVXH VXUURXQGLQJ WKH QHUYH FRPELQDWLRQ RI
LQWUDQHXUDOH[SDQVLRQRI WKHQHUYHDQGSHULSKHUDOH[SDQVLRQ
RI WKH WLVVXH DQG LQWUDQHXUDO H[SDQVLRQ RI WKH QHUYH ZLWK
FDXVLQJGDPDJHWRWKHQHUYH,QWKHODWHUVFHQDULRWKHQHUYH
IDLOVWRUHWXUQWRLWVRULJLQDOVKDSHDQGVL]H
)LJ  VKRZVPLFURXOWUDVRXQG LPDJH IUDPHV VKRZLQJ UDGLDO
QHUYHXOQDUQHUYHPHGLDOQHUYHDQGIDVFLFOHV)LJLVKRZV
WKH UDGLDO QHUYH EHIRUH QHHGOH LQVHUWLRQ DQG IOXLG LQMHFWLRQ
7KH VHFRQGPLFURXOWUDVRXQG LPDJH VKRZV WKH QHHGOH EHLQJ




GRWV GXULQJ QHHGOH LQVHUWLRQ LQWRPHGLDQ QHUYH PDUNHG LQ \HOORZ FLUFOH
DQG  P/ EROXV LQMHFWLRQ DW  P/PLQ 1HHGOH WLS SRVLWLRQ  IOXLG
GLVWULEXWLRQ GXULQJ LQMHFWLRQ JUHHQ GRWV  $ ± EHIRUH QHHGOH LQMHFWLRQQR
IOXLGGHOLYHU\%±7HQWLQJRIWKHQHUYHDVWKHQHHGOHWLSWULHGWRSHQHWUDWH





LQMHFWLRQ 7KH GHQW RI WKH QHHGOH FDQ EH VHHQ DQG LV DQ
H[DPSOHRI IRUFHIXOQHHGOHQHUYHFRQWDFW0XOWLSOHDWWHPSWV
KDYHEHHQPDGHWRLQVHUWWKHQHHGOHZLWKLQWKHQHUYHLQRUGHU
WR SHUIRUP LQWUDQHXUDO LQMHFWLRQ 7KH WKLUG PLFURXOWUDVRXQG
LPDJH LQ WKDW VHULHV VKRZV WKH QHUYH ZKLOH IOXLG LV EHLQJ
LQMHFWHG LQWR WKH QHUYH 7KH LPDJHV VKRZ WKH LQWUDQHXUDO
H[SDQVLRQRI WKHQHUYHZKHUH WKH IOXLG WHQGV WR VSUHDGRXW
HTXDOO\ LQVLGH WKH QHUYH FDXVLQJ WKH QHUYH WR H[SDQG 7KH
QHUYH WHQGV WR UHWXUQ EDFN WR LWV RULJLQDO VL]H DQG VKDSH LQ
WKLV FDVH )LJ LL VKRZV WKH SUHVVXUHPHDVXUHG UHG GRWV
GXULQJWKHQHHGOHLQVHUWLRQDQGIOXLGLQMHFWLRQSURFHGXUHDQG
WKH FRUUHVSRQGLQJ IOXLG GHOLYHU\ LV PDUNHG JUHHQ FLUFOHV
7KURXJKRXWWKHSURFHGXUHLQMHFWDWHSUHVVXUHPHDVXUHGZKHQ
WKHQHHGOHLVDJDLQVW WKHPXVFOHZDVQRWHG WREH ORZZKHQ
FRPSDUHG WR IDVFLD HSLQHXULXP DQG LQWUDQHXUDO LQMHFWLRQV
)DVFLDDQGHSLQHXULXPDUH WRXJK FRQQHFWLYH WLVVXH DQG LW LV
GLIILFXOW WR SHQHWUDWH WKHVH WLVVXHV ZLWK HDVH 7KH SHDN
SUHVVXUH LQ WKHJUDSK LVFDXVHGE\QHHGOH WLSDJDLQVW IDVFLD
HSLQHXULXPDQGLQWUDQHXUDOLQWKLVFDVH)LJ
7KH UHODWLRQVKLS EHWZHHQ GLIIHUHQW H[SHULPHQWDO SDUDPHWHUV
DQGFRQWULEXWLRQWRLQFUHDVHGSUHVVXUHRUQHUYHWUDXPDZHUH
DQDO\VHG$QH[DPSOHJUDSKIRUSLJLVJLYHQLQ)LJ7KH
VFDWWHU SORW VKRZV WKH UHODWLRQVKLS EHWZHHQ WKH PHDVXUHG
LQOLQHSUHVVXUHDQGWKHWLVVXHLQZKLFKQHHGOHWLSZDVORFDWHG
GXULQJLQMHFWLRQ0XVFOHIDVFLDHSLQHXULXPDQGLQWUDQHXUDO
IRU WKH WZR GLIIHUHQW FOLQLFDO IORZ UDWHV  P/PLQ DQG 
P/PLQ$WUHQGLQLQFUHDVHGSUHVVXUHLVREVHUYHGZKHQWKH
QHHGOHWLSLVSODFHGLQWUDQHXUDOO\
1HYHUWKHOHVV LI WKHRSHQLQJRI WKHQHHGOH WLS LV DZD\ IURP
WKH QHUYH WLVVXH WKHQ IRU WKH VDPH VFHQDULR WKH SUHVVXUH
PHDVXUHG FDQ EH ORZ 7KH KLJKHVW SUHVVXUH UHFRUGHG IRU 
P/PLQ DQGP/PLQ IRUSLJZDVSVL DQG
SVL UHVSHFWLYHO\ ,QMHFWDWH SUHVVXUHZDVPHDVXUHG WREH
SVL LQ  RI LQWUDQHXUDO LQMHFWLRQ DQG QHHGOHHSLQHXULXP
FRQWDFWLQGLFDWLQJWKHOLPLWVKRXOGEHUHGXFHG7KHRQVHWRI
QHUYH VWUXFWXUH FKDQJHV FRXOG EH HDVLO\ REVHUYHG DW 
P/PLQIORZUDWHZLWKWLPHWRVWRSRUUHSRVLWLRQWKHQHHGOH
DQGWKHUHIRUHFKDQJHWKHGLVWULEXWLRQRIWKHLQMHFWLRQ'XHWR
WKH PXOWLSOH IDFWRUV FRQWULEXWLQJ WR WKH QHUYH WUDXPD LW LV
YHU\ GLIILFXOW WR ILQG VLJQLILFDQW UHODWLRQVKLS EHWZHHQ WKHVH
IDFWRUVXVLQJVLPSOHVWDWLVWLFDO WRROV$PXOWLYDULDWHDQDO\VLV
LV UHTXLUHG WR XQGHUVWDQG WKH HIIHFW RQ LQMHFWDWH SUHVVXUHRI





,Q FRQFOXVLRQ PLFURXOWUDVRXQG JDYH D EHWWHU LQVLJKW RI WKH
FRQVHTXHQFHV RI LQVHUWLQJ D QHHGOH LQWR WKH QHUYH DQG WKH
H[WHQWRIPHFKDQLFDOWUDXPDFDXVHGE\LQMHFWLRQRIIOXLGLQWR
WKH QHUYH 6HYHUDO IDFWRUV FRQWULEXWLQJ WR WKH QHUYH WUDXPD
ZHUH VWXGLHG DQG DQDO\VHG ,QWUDQHXUDO LQMHFWLRQV
FRUUHVSRQGHGZLWKKLJKHULQMHFWDWHSUHVVXUHWKDQH[WUDQHXUDO
LQMHFWLRQV EXWZLWK ODUJH YDULDELOLW\ $ FRQWLQXRXV IORZ DW





>@ *DGVHQ - /DWPRUH 0 /HYLQH '0 5RELQVRQ $ ³ +LJK RSHQLQJ




FRQVLVWHQWO\ GHWHFWV QHHGOHQHUYH FRQWDFW GXULQJ XOWUDVRXQGJXLGHG
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